Ureteric injury is rare in gynecological practice. The introduction of laparoscopy to gynecologic surgery has allowed for newer innovations, advancements, and also new challenges in the field. As the complexity of laparoscopically approached gynecologic cases continues to increase, it is imperative for surgeons to be aware of the risk of ureteral injury. Although rare, ureteral complications of laparoscopic gynecologic surgery are quite morbid and may have serious implications in relation to litigations. The incidence of ureteric injury varies between 0.1% and 30%, depending on the type of surgery. Prevention can be attempted by preoperative and intraoperative precautions, although the effectiveness of these measures has not been fully evaluated. Diagnosis of ureteric injury may be made intraoperatively, but 70% are diagnosed postoperatively. Management depends on the timing of diagnosis, the etiology, the length and location of the injury, the extent of the causative operation, and the condition of the woman. In this article, we have reviewed the incidence, etiology, preventive strategies, diagnosis, and management of ureteric injury. Knowledge about their prevention, diagnosis, and management is of utmost importance.
Introduction
The use of laparoscopy both for diagnosis and therapy has allowed for innovation, advancements, and new challenges in the field of surgery including operative gynecology.
Laparoscopy is being increasingly used to approach more advanced pathology as the surgeons gain confidence. There is increasing emphasis on potential complications such as ureteral injuries associated with laparoscopic gynecologic surgery. Engel et al. were the first to report a case of ureteral injury during a laparoscopic tubal ligation in 1971. [1] The patient was diagnosed to have right ureteral obstruction that necessitated ureteroneocystostomy using a Boari flap repair. As of today, enough research has been done and published in relation to prevention and management of ureteral injury during laparoscopic gynecologic surgery.
Several large cohort studies have estimated the incidence of ureteral injury (including transection, obstruction, fistula formation, and necrosis from thermal injury) during a variety of operative gynecologic laparoscopic procedures to be 1%-2%. [2, 3] A
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For reprints contact: reprints@medknow.com et al. [4] identified 70 cases of ureteral injuries in gynecologic laparoscopy. The reported incidence may be low because many ureteric injuries are not recognized or go unreported. Despite the incidence of all major complications associated with laparoscopy declining, the incidence of ureteric injury has stayed constant at approximately 1%. Although rare, ureteral complications of laparoscopic gynecologic surgery are quite morbid and may have serious implications in relation to litigations; therefore, knowledge about their prevention, diagnosis, and management is of the utmost importance. Morbidity includes increased hospital stay, secondary invasive interventions, reoperation, potential loss of renal function, and deterioration of the woman's quality of life. [5, 6] Ureteric injury is the most common complication leading to litigation and accounts for 17% of nonobstetric legal action initiated against obstetricians and gynecologists in the USA. [7] Intraoperative injury to the ureter can occur not only during complicated surgical procedures but also during uncomplicated procedures. Up-to-date, rigorously developed guidelines or systematic reviews on the subject of ureteric injury in obstetric and gynecological practice are not in place.
Etiology
The anatomical proximity of the ureter to the peritoneum makes it particularly vulnerable during all types of abdominopelvic surgery. Ureteric injuries can occur even in the most straightforward and simple procedures. Certain risk factors have been identified that are closely associated with the occurrence of injury. Risk factors include an enlarged uterus, previous pelvic surgery, ovarian neoplasms, endometriosis, pelvic adhesions, distorted pelvic anatomy, coexistent bladder injury, and massive intraoperative hemorrhage. Patients undergoing gynecologic surgery for malignancy may have a higher baseline risk of ureteral injury as high as 5%-8%. The incidence of ureteric injuries following laparoscopic adnexectomy and laparoscopic-assisted vaginal hysterectomy is 2.9% and 1.39%-6%, respectively. [8, 9] 
Site of Injury
The lower third of the ureter is most prone to injury (51%), followed by the upper third (30%) and the middle third (19%). [10] The sites where the ureter can be injured are lateral to the uterine vessels, area close to the ureterovesical junction, the base of the infundibulopelvic (IP) ligament as the ureters cross over the pelvic brim at the ovarian fossa, and at the level of the uterosacral ligament. The ureter is most frequently injured at the level of uterosacral ligaments during laparoscopy.
Types of Injury
The ureter could be injured intraoperatively either by ligation or kinking by a ligature, crushing by a clamp, division, complete or partial transection, devascularization, or diathermy-related injury. The incidence of different forms of injury are complete transection, 61%; excision, 29%; ligation, 7%; and partial transection, 3%. [10] Avascular necrosis may occur following extensive dissection of periureteric tissue with impairment of the anastomotic blood supply in the postoperative period. Another mechanism of injury is the subsequent obstruction over a hematoma or lymphocele.
The Committee of the American Association for the Surgery of Trauma [11] has classified the ureteric injuries as follows:
• Grade I -hematoma, contusion or hematoma without devascularization • Grade II -laceration; <50% transection • Grade III -laceration; 50% transection • Grade IV -laceration; complete transection with <2 cm of devascularization • Grade V -laceration; avulsion with >2 cm of devascularization.
However, this classification does not have any clear management and prognostic implications.
Anatomic Principles and Tips for Proper Surgical Steps
Knowledge of the pelvic anatomy and meticulous surgical technique is paramount to the effort of decreasing ureteral injury. The ureter is divided anatomically into two major components -abdominal and pelvic -with lengths ranging from 12 to 15 cm each. The ureter descends over the pelvic brim as it courses over the iliac vessels at the bifurcation of the common iliac artery into the external and internal iliac arteries. Deep in the pelvis, the ureter courses along the lateral aspect of the uterosacral ligament to enter the base of the broad ligament. The ureter is found, 1.5 cm lateral to the cervix, passing under the uterine artery and then medially over the anterior vaginal fornix before entering the trigone of the bladder. [12] Radiologic studies have revealed that in 10% of cases involving cervical pathology, the ureter may be only 5 mm from the cervix. [13] The site where the ureter passes inferior to the uterine vessels, as well as at the level of the IP ligament, the ureter is most prone for injury. It has been suggested that all surgeons should visualize and dissect the ureter near the IP ligament and near the uterine artery in cases of distorted anatomy. In laparoscopic adnexectomy, the ureter can be identified transperitoneally as it courses over the pelvic brim. The left ureter is often more challenging to view by this approach due to physiologic adhesions of the descending colon to the pelvic sidewall. If the ureter is not clearly visualized at this level, a superficial incision in the peritoneum (taken parallel to the IP ligament) will allow for the initial development of the pararectal space; subsequent blunt dissection will identify the ureter. The rectosigmoid is then mobilized medially, which will enable a relatively easy identification of the left ureter at the pelvic brim. In severely distorted anatomy, it is best to find the ureter by making a peritoneal incision that begins just medial to the IP ligament and continues in the direction of the ischial spine.
After ensuring that the ureter is sufficiently distant from the IP ligament, the blood supply to the ovary can be controlled. In cases of benign pathology, it is recommended to incise the vascular pedicle very close to the ovary, as this pedicle will shorten with retraction into the pelvic sidewall; subsequent bleeding can be easier to control with a longer IP pedicle. It is important to note that identification of the ureter at the pelvic brim is not adequate in cases involving significant deep pelvic adhesions, such as in severe endometriosis with rectovaginal involvement. In these cases, the ureters are often deviated more medially, and the ureterolysis needs to be carried all the way down to the cardinal ligament.
When approaching the cardinal ligament, sufficient skeletonization of the uterine vasculature will ensure that any peritoneal attachments involving the ureter are released. Second, it is important to maintain cranial deviation of the uterus with firm upward pressure on the uterine manipulator before cauterizing or incising the uterine vessels. Some surgeons prefer to use upward traction on the uterine specimen with a laparoscopic tenaculum in lieu of a uterine manipulator. Either approach will ensure safe and adequate distance from the ureter, or the vascular pedicle can be safely controlled. It is preferable to take the ascending uterine vessels at the level of the internal cervical "os" when performing a total laparoscopic hysterectomy and then create a pedicle that lateralizes the uterine vessels away from the colpotomy cup. This has proven to be a very effective method to avoid ureteral injury at the time of a laparoscopic hysterectomy. [14] 
Prevention of Ureteral Injuries
Several preoperative and intraoperative measures can be undertaken so as to reduce the risk of ureteric injury. Appropriate and adequate imaging to be done preoperatively so as to identify the underlying pathology and plan the proposed operation. In cases of suspected urinary tract pathology, a preoperative intravenous urogram (IVU) or ultrasound scan can help identify ureteric dilatation and disclose anatomical variations. Piscitelli et al. [15] found that abnormal IVU findings were most likely to occur in women with a uterine size of 12 weeks or larger, when adnexal masses were 4 cm or larger and in women with an abnormal pelvic examination. It is not always that a preoperative IVU plays a role in preventing ureteric injuries. Prophylactic ureteric catheterization has similarly not shown to reduce the risk of ureteric injury. [16, 17] Ureteric catheterization, however, may assist in identifying ureteric injury intraoperatively and optimize the subsequent management in cases where dissection is difficult.
Intraoperative measures can be undertaken so as to prevent injury which include an appropriate operative approach, adequate exposure, full examination of the disease in the pelvis, and seeking early urological assistance where appropriate. Blind clamping of blood vessels should be avoided, as this is the predominant cause of ureteric injury in obstetric procedures. [18] Control of bleeding by specifically identifying bleeding points reduces the risk. It is very important to stay close to the pathology while dissecting mass lesions and to identify the ureter in its course whenever possible before beginning the dissection. Adequate mobilization of the bladder in a downward and outward direction helps in to reduce the risk of ureteric injury, as the ureters move away from the uterine vessels and thus away from the operative field. [19] Direct visualization of the ureters in the pelvis helps reduce the risk of ureteric injury. [18] The incidence of ureteric injury during abdominal hysterectomy decreased from 0.7% to 0.2% whenever the ureters were dissected out. [18] Whenever direct visualization of the ureter is not possible either due to extreme scarring, large masses, or restricted access, then direct visualization of ureteric function via cystoscopy or endoscopy can be employed. [20] One needs to be cautious whenever using laser and electrocautery because a large proportion of ureteric injuries during laparoscopic surgery are associated with diathermy. [21] Short burst of use is likely to reduce the risk of ureteric injury because the depth of penetration depends on diathermy duration and power.
Intraoperative Diagnosis of Ureteral Injury
It is very important to identify ureteric injuries intraoperatively as it enables prompt repair and is associated with decreased morbidity and fewer legal risks. [22] A high index of suspicion and attempts at verifying ureteric integrity should be essential components of laparoscopic pelvic surgery. Whenever it is not feasible to visualize the ureters, intravenous administration of methylthioninium chloride or indigo carmine (5 ml) is an accurate means of demonstrating ureteric patency. [23] Intraoperative use of transurethral cystoscopy or endoscopy (through cystotomy) may help visualize the ejection of dye-stained urine from both ureteric orifices. Bubbles or blood-tinged urine coming through the ureteric orifices may indicate ureteric injury.
Postoperative Diagnosis of Ureteral Injury
Symptoms arising out of ureteric injury in the postoperative period tend to be variable. Flank pain and fever remain the most common symptoms. Hematuria is absent in approximately 30% of ureteric injuries. Occasionally, women may present with a retroperitoneal collection of urine (urinoma), which can be confirmed on ultrasonography. Urinary leak, other than from the urethra, should be suspected as a fistula and promptly searched. Hypertension secondary to obstructive uropathy could be a late presentation. It should also be noted that typical symptoms occur in only 50% of women with ureteric injuries. In all suspected cases of ureteric injuries, investigations are necessary to establish renal function, to rule out hydronephrosis, and to evaluate continuity of the ureter. Radiologic investigations required to confirm or rule out ureteric injuries include IVU, abdominal, and pelvic computed tomography with contrast, retrograde urogram and renal ultrasonography [ Figure 1a -d]. Cystoscopy and contrast dye tests also may be necessary in some.
Management of Ureteral Injury
Renal deterioration occurs inevitably unless urine flow is restored as the ureter is the sole conduit from the kidney. Major variables such as time of diagnosis, etiology, length and location of the injury, extent of the causative operation, and the condition of the woman help in guiding a surgeon's approach to the management of ureteric injuries. In cases of intraoperatively identified transected ureters, the ureter needs to be repaired and stented to maximize urinary diversion. A double-J stent may be used for this purpose. A passive retroperitoneal drain, such as a Penrose drain, is used to limit urinoma formation. The bladder needs to be decompressed using a Foley's catheter.
Whenever the ureteric injury is recognized in the postoperative period or in cases of delayed recognition of the same, the repair of the injured ureter should not be delayed. Exceptions to immediate repair include sepsis, extensive hematoma or abscess formation at the site of injury, or when the woman is hemodynamically unstable. In such situations, it is preferable to perform a percutaneous nephrostomy and drain the renal pelvis or a retrograde ureteric stent can be placed, and the surgery can be delayed until the complication is resolved [Figures 2a, b, 3a, b and 4a, b ].
Summary
As the complexity of the laparoscopic application in gynecologic cases increases, it is imperative that surgeons be aware of the risk of ureteral injury. Patients should be appropriately counseled preoperatively regarding baseline and individualized risks. Although the overall incidence of ureteral injury is low, the potential morbidity for the patient merits vigilance. Prevention of injury can be achieved by careful attention to the location of the ureter at all times during the procedure. Prophylactic ureteral stenting may be helpful in select circumstances, and intra-or post-operative evaluation should be undertaken whenever suspicion arises of potential ureteral damage.
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